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STABILITY AND CONTROL CHARACTERISTICS
OF A 0.0667-SCALE MODEL OF THE FINAL VERSION OF THE
NORTH AMERICAN X-15 RESEARCH ATRPLANE (CONFIGURATION 3)
AT TRANSONIC SPEEDS

By Robert S. Osborne

SUMMARY / o/ 7/4/ '7

In order to determine its static longitudinal and lateral-directional sta-
bility and control characteristics at transonic speeds, a 0.0667~-scale force model
of configuration 3 of the North American X-15 research airplane has been tested
in the Langley 8-foot transonic pressure tunnel. The test range included Mach
numbers from 0.60 to 1.18, angles of attack from -20° to 20°, and angles of side-
slip of -5.1° and 0°., The results of the investigation including a summary of
some of the important stability and control parameters are presented without
analysis.

INTRODUCTION

As part of the wind-tunnel program required for the development of the North
American X-15 research airplane, a 0.0667-scale force model of the final version
of the X-15 (configuration 3) has been tested in the Langley 8-foot transonic
pressure tunnel in order to determine its static stability and control character-
istics at transonic speeds. Tests of this model at Mach numbers from 2.29 to 4.65
are reported in reference 1. The results of pressure-distribution tests of a
model of a configuration nearly identical to that of configuration % at Mach num-
bers from 0.60 to 4.65 are presented in references 2 and 3. Other tests of force
. models approximating configuration 3 are reported in references 4 to 7. Tests of
o force model of an earlier version of the X-15 (configuration 1) in the Langley
8_foot transonic pressure tunnel are reported in reference 8.

The model was tested at Mach numbers from 0.60 to 1.18, at angles of attack
from -20° to 20°, and at angles of sideslip of -5.1° and 0°. Drag, static lon-
gitudinal stability, and static lateral-directional stability were determined;
the effectiveness of the horizontal tail as a pitch and roll control and the
vertical tails as a yaw control was measured; and the effects of opening the
speed brakes on drag and static stability were obtained. The results of this



investigation including a summary of some of the important stability and control
parameters are presented herein without analysis.

SYMBOLS

Longitudinal data are presented about the stability axes and lateral-
directional data are presented about the body axes for a center-of-gravity loca-
tion of 20 percent of the wing mean aerodynamic chord.

wing span, in.

drag coefficient, D/qS
drag coefficient at zero 1lift
1ift coefficient, L/qS

lift coefficient for maximum lift-drag ratio

trim 1lift coefficient

trim 1ift effectiveness parameter, per deg

lift-curve slope, per deg

rolling-moment coefficient, MX/qu

ac

effective dihedral parameter, -——%, per deg

9B

rolling moment due to differential deflection of horizontal tail,

oc

l
— er de
EEa) 1Y g
. . ac,
rolling moment due to vertical-tail deflection, —*, per deg
Dy

pitching-moment coefficient, MY/qSE

oC

static longitudinal stability parameter, 1

t"‘ol



(L/D)

max
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1-1655

pitch effectiveness parameter at constant 1lift coefficient,
per deg

yawing-moment coefficient, MZ/dSb

oC
static directional stability parameter, —2, per deg

9B

3c,,

yawing moment due to differential deflection of horizontal tail, Sg_
a
per deg
: , , ac,,
yawing moment due to vertical-tail deflection, 5. per deg
v
. Pp - P
base pressure coefficient, —q
lateral-force coefficient, Y/qS
wing mean aerodynamic chord, in.
force along Xg-axls, positive rearward, 1lb
lateral force, 1lb
lift, 1b
maximum lift-drag ratio
free-stream Mach number
moment about X-axls, in-1lb
moment about Y-axis, in-1lb
moment about Z-axis, in-1lb
static pressure at model base, 1b/sq ft
free-stream static pressure, 1b/sq ft
free-stream dynamic pressure, lb/sq ft
3



R Reynolds number
S total wing area, sq ft
X,Y,z body axes

XS’YS’ZS stability axes

a angle of attack of fuselage center line, deg
B angle of sideslip, deg
dg differential deflection of horizontal tail when used as roll control,

positive when left-hand surface has more positive deflection,
(trailing edge down), deg

Be deflection of horizontal tail when used as pitch control (taken as
average of left- and right-hand surface deflections and positive
when trailing edge is down), deg

d deflection of upper and lower vertical-tail surfaces, positive when
trailing edge is to left, deg

APPARATUS AND TESTS

Model

The X-15 is a rocket-powered research alrplane designed for hypersonic
speeds at very high altitudes. It employs a 5-percent-thick low-aspect-ratio
trapezoidal wing mounted in the midposition on a fuselage consisting of a body
of revolution with large side fairings. The horizontal tail which has 45° sweep-
back of the quarter-chord line is all movable for pitch control and is deflected
differentially for roll control. The outboard panels of the upper and lower
vertical-tail surfaces are deflected for directional control; the inboard panels
are fixed and contain the speed brakes.

The 0.0667-scale force model of the North American X-15 research airplane
used in this investigation was supplied by the contractor and was of stainless-
steel construction. Photographs of the model are presented in figure 1, and
dimensional details are shown in figure 2 and table I.

The model represented configuration 3 of the X-15. PFeatures that distin-
guish this configuration from configuration 1 (ref. 8) include an increased
fuselage diameter, shortened fuselage side fairings, increased leading-edge
radil on wing and horizontal tail, wing shifted forward 3.6 inches (full scale),
horizontal tail shifted rearward 5.4 inches (full scale), a larger vertical tail
having 10° full-wedge airfoil sections with the total exposed area distributed
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about 55 percent above the fuselage and 45 percent below, and reduced speed-
brake area. The contractor's code designation for the model tested was

By 189V Ty V., I1,

The movable portions of the upper and lower vertical talls and both
horizontal-tail panels could be actuated remotely while the wind tunnel was in
operation. The speed brakes were maintained in the closed position or were
opened 350 relative to the closed position as indicated in figure 2. The speed-
brake hinge lines were located at the speed-brake leading edges and had 0°
sweepback.

Tunnel and Model Support

The tests were conducted in the Langley 8-foot transonic pressure tunnel
which is a single-return rectangular slotted-throat wind tunnel having controls
that allowed for the independent variation of Mach number, stagnation pressure,
temperature, and humidity.

The model was sttached to a sting support by an electrical strain-gage bal-
ance located inside the fuselage. The sting support was cylindrical for 2.4 base
diameters downstream of the model base and had a diameter of 0.55 base dlameter.
At its downstream end, the sting was attached to an arc-shaped support strut
which spanned the tunnel vertically. This support strut was rotated to obtain
changes in angle of attack; the center of rotation of the system was near the
model in order to minimize overall vertical motion of the model. Variations in
angle of sideslip were obtained by insertion of properly angled couplings in the
model support system.

Measurements and Accuracy

Model forces and moments were measured by a six-component internal strain-
gage balance. They were converted by automatic electrical computing equipment
to 1ift, drag, and pitching moment about the stability axes and to lateral force,
yawing moment, and rolling moment about the body axes. (See fig. 3.) The center
of gravity was located at 20 percent of the mear aerodynamic chord based on the
total wing area. (See fig. 2.) At a Mach number of 1.0 and a dynamic pressure
of T84 pounds per square foot, accuracles of the coefficients are estimated to
be:

CL . e LI e e+ o . « s . . - « e » o * o ¢ o . « e 3 » e e o e . . . - . io . Ol
Cp « o o o v e e e e e e e e e e e . %0.002
Om + + o o o o o v e m e e e e e e e e e e e e e e e e e e e e e . $0.002
Cp v+ ¢+ v o oo e m e e e e e et e e e e e e e e $0.0005
Cp v o s o o e e e e e et e e e e e e e e e e e e e e . . . %0.0005
R L *0.005
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The angle of attack was set to within *0.1° by means of a pendulum-type
attitude indicator located in the nose of the model. The angles of sideslip
were determined to within *#0.2° by means of a calibration of sting and balance
deflection with respect to model lateral force and yawing moment. Horizontal-
and vertical-tail deflections were measured remotely by means of differential
transformers attached to the control-surface linkages and are estimated to be
accurate within $0.2°, Speed-brake deflections are estimated to be accurate
within #0.1°.

The Mach number was determined within *0.003 from a calibration with
respect to the pressure in the chamber surrounding the slotted test section.
Base pressure coefficients were determined from an average of measurements
taken on the upper and lower portions of the base and are estimated to be
accurate within *0.005.

Tests

The complete model was tested with horizontal-tail deflections for pitch
and roll control, with vertical-tail deflections for yaw control, and with the
speed brakes open and closed. The model was also tested with the horizontal
tail removed, with the lower vertical tail removed, and with both vertical tails
removed. The detailed test program is indicated in table II.

The test range included Mach numbers from 0.60 to 1.18, angles of attack
from -20° to 200, and angles of sideslip of -5.1° and 0°. The tests were con-
ducted at a tunnel stagnation pressure of approximately 1 atmosphere. The
average test Reynolds number based on the wing mean aerodynamic chord varied
from approximately 2.2 X lO6 to 2.8 x 100 over the Mach number range. (See
fig. 4.) For all tests, 0.l-inch-wide boundary-layer transition strips con-
sisting of No. 120 carborundum grains were installed along the 10-percent-chord
lines of the wing and tail surfaces and at 10 percent of the fuselage length.

Corrections

Tunnel-boundary interference at subsonic speeds is minimized by the slotted
test section, and no corrections for this interference have been applied. No
corrections are necessary for the effects of supersonic boundary-reflected dis-
turbances since they are negligible for Mach numbers up to approximately 1.03
(ref. 9), and the reflected disturbances pass well downstream of the base of
the model at a Mach number of 1.18.

With the use of the measured base pressure coefficients (shown for three con-
figurations in fig. 5), the data presented have been adjusted to an assumed con-
dition of free-stream static pressure acting over the base of the fuselage. No
sting-interference corrections have been applied. However, as indicated from
the results of reference 10, errors in the drag data due to the presence of the
sting are estimated to be small and errors in the other coefficients are prob-
ably negligible.



RESULTS AND CONCLUSIONS

The results of an investigation of the stability and control characteristics
of a 0.0667-scale model of the final version of the X-15 research airplane are
presented in the following figures:

Figures
Basic longitudinal data as functions of Cp « « « « o o o o 0 o v @ o o 6 to 15
Basic lateral-directional data as functions of o« , . . . . . . . . 16 to 24
Longitudinal stability and control parameters |, . . . . . . . . 25 to 27
Drag and maximum lift-drag-ratio parameters . . e e e e e e e e e 28
Lateral-directional stability and control parameters ., . . . . e . . . 29 to 33

A more detailed index of the results presented is shcown in table II.

The data indicate that the configuration investigated has generally satis-
factory static stability and control characteristics at the Mach numbers and
angles of attack tested. Notable exceptions, however, include a region of
neutral longitudinal stability at low negative angles of attack at Mach numbers
from 0.60 to 0.95 and excessive positive dihedral at high angles of attack at
Mach numbers above 0.60.

Langley Research Center,
National Aeronautics and Space Administration,
Langley Station, Hampton, Va., November 8, 1962.
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TABLE I.- DIMENSIONS OF 0.0667-SCALE MODEL OF CONFIGURATION 3 OF

NORTH AMERICAN X-15

Wing:

Airfoil section . « « + o o &

Total area, sqQ in. =« « « « « « &
Exposed area, sq in. . . « « .+ &
Total span, in. e e e e e e
Exposed span, in. e s e e s e e
Total aspect ratio . « « « « « =
Exposed aspect ratio . . . . . &
Leading-edge sweepback, deg . . .

Quarter-chord-line sweepback, deg .

Trailing-edge sweepforward, deg .
Root chord at center line, in. .
Exposed root chord, in. . e
Tip chord, in. « « « + s o o « o
Total taper ratio « + « « + o « &
Exposed taper ratio . « . . .

Mean aerodynamic chord based on total
Longitudinal distance from fuselage nose to total wing 0.20e, in. . . 22.76
. . 0

Dihedral, deg . « « o« « « « &
Incidence, deg .+ +» « « « o « o &

Horizontal tail (in plane of surface):

Airfoil section . « « « + & o o .
Total area, sq in. . « « « « + =«
Exposed area, sq in. . « + o . &
Total span, in. P T
Exposed span, in. e s e s e e
Exposed aspect ratio . . . «
Leading-edge sweepback, deg . . .
Quarter-chord-line sweepback, deg
Trailing-edge sweepback, deg

Root chord at center line, in.

RESEARCH ATRPLANE

e v e v e . . . .Modified NACA 66-005
e e e e e e e e e e e e e e . 127.728
O & P A K&
e e e s s e s e e e e e e 17.87
e e e e e e e e e e e e e 11.968
e e e e e e e e e e e e e e 2.50
e e e s s e e e e e e e e 2.15
e e e e e e e e e e e 26.75

e e e e e e e e e e e e e 25 .6k

e s e e e e e e e e e e e 17.75
e e e e e e e e e e e e e 11091k

e e e e e e e e e e e e e e 8.8
e e e e e e e e e e e e e 2.383
e 0.20
T o.27
area, in. e e e e e e e e e 8.207

e e e e e e e e e e e e e e e 0

. v < v e+ . .Modified NACA 66-005
T 5 T L0
et e e e e e e e e e e e 32,832
e e e e e e e e e e e e 14,978
e e e e e e e e e e e e e e 9.008

e e s e e e e e e e e e e 2.48
e e e e e e e e e e e e e 50.58
e e e e e e e s e e s e e e e L5

e r e e e e e e e e e e e e 19.28
e e e e e e e e e e e e 8,175

Exposed root chord, in. e e e . . e e e e e e e e e e e e e 5.6
Tip chord, M. o o & ¢ « v o o o o o o o o o o o s s o o e a e e e e 1.686
Exposed taper ratio . . + « .+ ¢ .+ & e e e e s s e s e s e s e e e 0.30
Mean aerodynamic chord based on exposed area, in. e e e s s s s e s » 3,986
Hinge line, percent exposed C o . F e )

Longitudinal distance from total wing

0.25C, in. « & o o s & o o o
Dihedral, deg . « o« + s « » « « &

Upper vertical tail (exposed panel):

Airfoil section « « ¢« « + ¢ o &

Area, sq in. . . ¢« ¢« v o ¢ o .
Span, in. e e s e s s e s 8 e
Aspect ratio . . . . « o
Leading-edge sweepback deg . e e
Trailing-edge sweepback, deg . .

0.20¢ to exposed tail

e e e e e e e e e e e e 12.461
e e e e s e e e e e e -15

e e e e e e e e e e e e e s 100 wedge
= S 0 o
s T & &
s e e s s e s & s o s e s o @« s 0.52
B 30

e e s s s s e e e s s e 0



TABLE I.- DIMENSIONS OF 0.0667-SCALE MODEL OF CONFIGURATION 3 OF

)

NORTH AMERICAN X-1% RESEARCH AIRPLANE - Concluded

Root chord, in. e e e e e e e e e e e e e e e e e e e e e e 8.171
Tip chord, In. v v ¢ ¢ 4 v 6 v v o v v e e e e e e e e e e e e e e 6.05%
Taper ratio v v v v v 6 @ v v o v b et e e e e e e e e e e e e e e 0.7k
Mean aerodynamic chord, in. . . . . s e e e r e s s e s s e e e e e T.153

Longitudinal distance from total wing 0.20c to exposed panel
0,295, IN. v v v e e e e e e e e e e e e e e e e e e e e e e 10. 309
Movable portion -
Area, 8@ In. ¢ v 4 4 0w e s e e e e e e e e e e e e e e e e e .. 16.848
Span, in. e e e e e e e e e e e e e e e e e e e e e e e 2.482
Root chord, in. e e e e e e e e e e e e e e e e e e e e e e e 7.49
Tip chord, In. « v v ¢ v v 4 i e e e e e e e e e e e e e e e e 6.053

Hinge line, percent exposed PANEL T o v v 4 v o o o o o o o o o o o o 29
Speed brake (one side) -

Area, SQ INe v v v 4 it e e e e e e e e e e e e e e e e e e e e 3,514

Chord, In. v v « v 4 o v ot st e e e e e e e e e e e e e e e e 2.678

Average span, in. e e e e e h e e e et e e e e e e e e e e 1.3%08

Lower vertical tail (exposed panel):
Alrfoil section . ¢ v v v v v v e e e e e e e e e e e e e e e .00 wedge
Area, 8q 1. o v 4 4 b b e e e e e e e e e e e e e e e e . 2276
Span, 1in. e e e e e e e e e e e e e e e e e e e e e e e e e e e 3,085
Aspect ratio v v 0 4 L et i e e e e e e e e e e e e e e e e e 0.42
Leading-edge sweepback, €2 « « v v v v v v 4 4 4 e e e e e e e e 30

Trailing-edge sweepback, deZ v v v + = & v v 4 v 4 o 0 4 e e e e e . 0
Root chord, in. . o ¢ o v v v v v i h e e e e e e e e e e e e 8.171
Tip chord, In. .+ & ¢ v o v v v b i s s e e e e e e e e e e e e e 6.h
Taper ratio . ¢ v v v v 0 e i e e e e e e e e e e e e e e e e e e 0.78
Mean aerodynamic chord, in. e e e e e e e e e e e e e e T.321

Longitudinal distance from total wing 0.208 to exposed panel
0.258, In. v v it e e e e e e e e e e e e e e e e e e e e e e . 10.1b4b
Movable portion -
Area, 5@ In. .+ . . 0 v 0 0 s e e e e e e e e e e e e e e 12.6
Span, in. e e e e e e e e e e e e e e e e e e e e e e e 1.881
Root chord, in. e e e e e e e e e e e e e e e e e e e e e e 7.486
Tip chord, In. v o v v v v v v vt e e e e e e e e e e e e e 6.4
Hinge line, percent exposed panel T . v v v v o v o o o o o o v v v . 30
Speed brake {one side) -
Area, SQ IN. . . L L L s s s e e e e e e e e e e e e e e e 3,514
Chord, In. . . v v v v v vttt e e e e e e e e e e e e 2.678
Average span, in. e e e e e e e e e e e e e e e e e e e e e 1.308

Fuselage:
Length, in. S e e e e e e e e e e e e e e e e e e e e e e e e 39. 36
Maximum depth, in. .« & o . v v v v v v v e e e e Poe e e e e 3. 733
Maximum width with side fairings, in. e e e e e e e e e e e e e 5.868
Maximum width without side fairings, in. . . ¢ v v v v v 4 4 e W W . . 3733
Fineness ratio without side fairings .+ o o o ¢ o v v v b e e e e e . 10.54
Base diameter, In. . . . v v v v v 4 v b e e e e e e e e o e s e . 3.197
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TABLE II.- INDEX OF FIGURES PRESENTING RESULTS

Longitudinal characteristics of:
Model with and without horizontal tail. B = 0°; varying % . . . .
Model at negative angles of attack. B = 09; 8¢ = 0° and 10° . . .

Model with and without vertical tails. 8

OO PRTY . » a o e s e =

Model with speed brakes open and closed. B = 0% 8. =00 . .. ...

Model with speed brakes open and closed. B = 0%; Be = -10° . ..
Model with varying 8e and with speed brakes open and closed. B = 0°;

B = 005 By = =Te5% v v vt e e e e e e e e e e e e e e e
Model with varying ®e and with speed brakes open and closed. Pp = 0%
By = 2005 By = 00 L i w h e e e e e e e e e e e e e e e
Complete model. B = 0° and -5.1% 8¢ = 0% and -10° . . « o o o« .+ &
Model with speed brakes open. B = 0° and -5.1° . . . . . . . . .. .
Complete model. B = 0° and-5.10; 8y = -T7.5% « . v v v v o v o o o s

Lateral-dire
Model with

— 0%
8, = O

Model with
Be = O°

ctional characteristics of':

speed brakes open and closed. B = 00; B, = 0°;
and -109; &, = 0% and -7.5% . « « v ¢ v v 0 e e
speed brakes open and closed. B = -5.1% 8y = 0%;

a.n.d —loo; Sv = OO and —7.50 e o ® ® ® s & ® e 0 & © 9 o o o

Complete model. B = 0% and -5.1% . & v v o v v v o v oo e e e

Model with
Model with
Model with

Model with
Model with

8 = O°

out lower vertical tail. B = 0° and -5.1° . . e
out upper and lower vertical tails. B = 0° and -5.1° . . .
speed brakes open. B = 0% and -5.1° . . . .. .. ...
lower speed brakes open. B = 0° and -5.1° . . . . .. ..

speed brakes open and closed. B = 0°; 8y = 0° and 20°;

and -loo; Bv' = OO e o ® o0 & ® 8 ® & ®w » s 8 o s s s » o e+

Complete model. B = -5.1°; 85 = 0° and 20%; &, = 0° and -10°;

&y = 0° .

Summary curv
Variation
Variation
Variation
Variation

number
Variation
Variation
Variation
Variation

deflecti
Variation

deflecti

s . * e s o « o @ e © = & « s e s e * e . s o . e - * . -

es:

of lift-curve slopes with Mach number . « . ¢ « o« ¢ o o o =«
of static longitudinal stability parameter with Mach number
of longitudinal control parameters with Mach number . o «
of drag and maximum 1lift-drag-ratio parameters with Mach
of directional stability parameter with Mach number . . . .
of effective dihedral parameter with Mach number . . . . .
of lateral control parameters with Mach number . . . . . .
with Mach number of yawing moment due to vertical-tail

Ol o o o o o s o o » s s s s o & o o s o s o o s ¢ o o o
with Mach number of rolling moment due to vertical-tail

Ol &« o o o o s © o s o o a » & o & s & o s o o & o o o o

Figure
. 6
. T
. 8
- 9
. 10

11

12
. 13

14
. 15
. 16
.17
. 18
. 19
. 20

21
. 22
. 23

24
. 25
. 26
.27
. 28
. 29
. 30
. 31
. 32
. 33
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Relative wind

Relative wind

Figure 3.- System of axes.

Arrows indicate positive directions.
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|
1 \%&\
A\ BN

-0l — > N
s i
-02 — - - - / —
_.03 - /7/ R -
_04 - - o L /C/ B¢, deg  8y,deg Brakes
. / e} 0 0 Closed
A | O ¢} —7.5 Closed
/ < —10 - 75 Closed
-05— - S A —10 —-75 Open
4 — noo -75  Open
O | - [ _ T
-.06 L : l J BN { ,Ji
.2 r E - N
5 —_— S — 1] :
L —® e S s e S e N
-6 -4 -2 2 6 8 10 12 14 16 18 20 22

Angle of attack,a,deg

(b) M = 0.90.

Figure 17.- Continued.

69



.02 -

b ' ! L K gy : |
! . |
Ol A ‘[ - ‘ ”% T P
1 | ] ! 3 ‘\\T\{ 1
& T R T S TR R &
0 et | |
= | |
o %ﬁ ! : |
-0/ i | I | l
.03 SR T - R ; -
o SR : /1
.02 i - 3 ; ; .
_— L | ) . ,
el - | / :
0 /(‘ !
—.0l - ] R ; E
) L
Ch | | A= | |
1 i :
-02"
~03 = b -
04 ) Bedeg  8ydeg Brakes
- O o} 0 Closed
- A0 -7.5 Closed
T © 10 -75  Closed
—05 =t e e B B e L } J
./C)/ i | |
1 - ./'/ | :
| ¢ | L]
-.06! 1 : | i |
2y ! J }
""" q D— (o G P “
H ] |
L C& O———0 — —G P ‘
Lo L |M=0.95 ’
b6 =3 2 0 7 7 3 8 o2 i3 22

70

Angle of attack,a,deg

(¢) M=0.95.

Figure 17.- Continued.




02
Nel
G
0
-.o1! ]
.05
04 —
.03 L
02
Ol ]
———
Ch 0O
-0 |
-02
-.03
1
_04 . . _//Se,deq 8y,deg  Brakes
. | / o 0 0 Closed
| /CD/ g 0 -7.5 Closed
| -10 -75 Closed
—.05: i ,/{’{“ A -0 -75 Open
: ) o0 =] i h;’ol -75 Open
ek | 1 HEERER
.2
[ G ¢! X —4 [ a o—
: o
CY I @ u d — I e |
S— - — L 4 N  S—. -
o J M=1,03 hEN“‘~\Q
-6 -4 -2 0 2 4 6 8 0 12 14 16 18 22

Angle of oftack a,deg

(d) M =1.03.

Figure 17.- Continued.

T1



i S = —am
L 5 = ! ¥ = ——
T S - ’/ﬁg
L | it
1 T 7 T —t
L S L va —
L. /El +
VL
| 1 A el L

™
\b

e
- ,
e

/7 —
P B

== * Lk

ﬂ /O// :
/ ,,,,, N I IS S R N

8e,deg  Bydeg  Brokes
0

B o O Closed
/ N S 1 0 -7.5 Closed
—t ¢ -0 -75  Closed
4 -10 -75 Open
B 0 -75 Open
T [ T 1 [
- o S L
ﬁe‘_\xo
— S — B
I S D s e - S S GO S B et - S o
[ M=1.18 B
4 6 8 10 12 14 16 18 20 22

Angle of attack,a,deg

(e) M =1.18.

Figure 17.- Concluded.



4]

2L 7] ;_ T Ll Q' L 1
N iissaniiiniioenesi
T ST

P Q. vy B Ao
4 6 8 10 12 14 16 |
Angle of attack,a,deg

™

(a) M = 0.60 and 0.90.

Lateral-directional characteristics of complete model with surfaces undeflected.

Figure 18.-
g = 0° and -5.1°.

5



ey y—t-

02 -

O

O

-0

-.03]

—04;

! o B T
N Sle BRN FTE
A i - E— 4
— : AN — o
N N P
N B - :
‘ t \ ./FL, @&,
o AN : | B
23 w S ] L S|y 8
W 2t & ! 5
2 1 I w I
| W "
. . " Gm.
L ﬁ L | 4
b W b4 .
I e i . i S
—— ot , : # > o
] ” | BN
, . [
(S e fhh . ®
° T3 ° 5 ° 5 8§ 8 3 8
. - | | [ [ _. h
[&] [} (-]

M = 0.95 and 1.03.

{(v)

Figure 18.- Continued.

T4



-0l

~0l |-

—02)

-,04

-06

0l

.OI[

~031- ¢

6 8 (0] i2
Angle of attack,a,deg

{c¢) M= 1.18.

Figure 18.- Concluded.

20

o L e 7 [T {}
" g i -1 —
= ) S—" — ——
SR N N | | 1o b
8 ,H _ _ T - { B _T , ) o
s ’e. ] e, rﬁ (1 >y
B H,,k . 3 A1
_ _ _ v,,,,/,
L _ . § I O
,,,,,, . 7
- _
- — L] - - Bdeg
~ e O O
- = B T 1] 0 -5
. 1 Bl
T 1
t —{=———{ 13 £ 7
——
A | 4 3 CF A" S
) M=Li8 | INE )

5



01
0
02
Kol :
(‘n 0
—.0i
02
A
| ;
Sy o ‘
_ o |
1T I R T T
0 : I s e = S B .
O \ i i : 1 ‘ }
i Lo | — | ! ‘ | .
¢ I r——y I H /\‘,_O;
70 = T ‘ Tt R
‘ ot—T] . - N : , |
ol . , 0 S RS DS B A O ]
G I T IR R [
v ‘, :,,,.,, . B i | . { - i % /
o1 ‘ . ‘ -1 S }
C, l
O T —_ *
< // 1 \\'(}
;
-0t b R s AT . i
—02 e - P2l S it R
B / !
J\‘\. o /! B -
% I — o Pt | |
-03 i \_{‘I}; S S -
[ 1 1 - r T ‘ w - ‘[ + R ‘}
I ! l |
I S RN T S5 EEER SR — — —— S — - [
| . -] ) T
CY O‘ | ; . , { , | 5 ; ) oy I ;
, B : i S
oo M=090 L R
Y —4 -2 0 2 4 6 8 o iz 14 16 8 20 22

Angle of attack a,deg
(a) M = 0.60 and 0.90.

Figure 19.- Lateral-directional characteristics of model without lower vertical tail and with other surfaces
undeflected. B = O° and -5.1°.

76



[ i { 1
.02’ [ g e | L
S Coee
- i
. ‘ J/CI"' ~
i 4
) zf'//(///i |
02y 7 T -
ot b A AL
o pt= — e S S
Ch — - - -
~01 o
—02 F—t—— - L /E)’/ i 1
- - . ./ . - [ e p—
/
-03; it y L .
§ M:0.95 | [
pe po s y e -G iy e S e e
| ‘_ | i \\\DT
Cy o ; A o
.01 [ - e T ——
)’_4—’——"—" f— <‘ - . -
Cl 0 ; r\//c : 4
S RERN
Kol 1
{
O Lo YA
—F —— /
—.0l
c, e de b LA
-.a2 e
3 S S— d —
"
-.03 - - b
5 . o ~ ——r
Cy
o] 4 ©r
; i : M-1.03 ] 1 3
6 -4 -2 o} 2 4 6 8 10 12 14 16 8 20 22

Angle of ottock a,deg

(b) M = 0.95 and 1.03.

Figure 19.-~ Continued.

T



02

No)

-0t
Ol

-0t

-02 -

03 - -

-.04

i pa T . : 1 [ .
| B,deg x: |
] . -+ - —i0 0 : —
3 ; ‘0 -5l S I B
e B e S B L R e
S //L//‘T i
NS ey . i
R I S e ? ¢ ] — = 0
- -
| | | R PR I
1 ; : O A___Q ‘
O QO —r (] 1 /E’/ ‘
| /?/
4 - S S /
P
o —r—F | :
} _ b . - + i
B I
', H R | _ ok i
’ _ I 4 | i N
;. : — L f i} Eits r - s £ SRS
- - |
} Tb : 4 c L5 ,
M=1.18 |
) 7z i 22

78

6 8

10

Angle of attack ,a,deg

(e} M =1.18.

Figure 19.- Concluded.

18 20



| ] —
ST e e L

~6 -4 -2 0] 2 4 6 8 10 2 14 16
Angle of attack ,a,deg

() M = 0.60 and 0.90.

Figure 20.- lateral-directional characteristics of model without both vertical tails and with other
surfaces undeflected. p = 0° and -5.17.

79



22

87 | " .
=2 lN 33 m v g &
o o
— | : ‘ <
| St ne GG Aaaraanse uls!
. . A AL | B
| s . : m o
1 W _ - ,y i
) J“ P M, Af A,\ . WrM b MS
\ i .
| | |
L ) L \ .
4
FW ] & V g = o
il s SR an s fanns
. J, J.f'LW o o
: | ,h / )
¥ s - 5% 8 § o o
> ! = >

Angle of attack a,deg

M = 0.95 and 1.03.

(v)

Figure 20,- Continued.

80



ol ——
| o
C; o ///,,4}”
P
et
ai
-0l
.05
04 e
I
03¢
1 o
/
02 BN S
bt
o—tT "] h B,geg
.0l o}
o-5.1
0—t+—v < —=
-0l
N
" — g
CY 0 E/ 4 B A P "]
M=1.18
_'—|6 -4 -2 2 4 [3) 8 10 12 14 16 18 20 22

Angle of attack ,a,deg

(e¢) M =1.18.

Figure 20.- Concluded.

81



01
< o
]
-.01
—-.02t
Cﬂ
-03
-.04
-.05
-.06
2
. :
C B } .
. o
n T 1 || Im=090
_ i i ! : .
of | 1] TN T
. 7
¢ H b I e, : AT
b L /(3:—4#/ - . d J
i AR ARG N L]
o N - : L\_\é
\f>—‘/ b B el S S i /
-0t i 4 . N
—oz2f |t S [
c b Ll LTl ]
n_o3 "7 7L’ s 7%,/ H . ‘
3 S - - - - |
.04 . | g /g;./ SN S T S
-051 J/i_/ﬂd?\\m*—ar/ 1. -1 i ; —
: b
i S % . 3
~.06 : . 11
2 .
O -
R Rl ) ]
A r e - P
Cy _ , | ol
i
o) 4
e N ST S ‘ .
— | [M=103 . SR OO D S S I
-6 3] 8 10 12 14 3] 8 20 22

Angle of ottack,a,deg

(a) M = 0.90 and 1.03.

Figure 21.~ Lateral-directional characteristics of complete model with speed brakes open; other
surfaces undeflected. p = 0° and -5.1°.



-0l

-.02

-03

-.04

-.05

) T T
s S M
i { P q —{ ~
P X -N\\N\_{}______'Ab(}_————~~0 B
- . i )
fffff )
/| |
] ]
//
| /] 1
// Bxdeg
E}// O =5.1
o 1 {1 e
R T
M=1,18
-4 -2 0 2 4 6 8 O 12 14 16 18 20 22

Angle of attack,a,deg

(b) M =1.18.

Figure 21.- Concluded.

83



] BE L TT T
onp ‘ ! ‘ *’w"+\\m/»~‘”{“‘~\\;a ‘
SR i . i IR Pt N | T SR
C 1 1 i el W ; Lo |
!0 { T | ; = :
- . e N i L !

=01

~-.02- i H 4 - . B . e / o

. - e + B - . N i / i . . §
—03-d ; . . R . : . . . .
., , T
_.04 l ./ ; o ;
‘ !
: B . i 1 / - T - ‘L . i |
.05 4 . . i .'r./ . | -} | I
| A
R P PO S /,/ . e i ) Cd
-06 B S N Boegl . Lo L] i
11 e ; : O 0 ! ;
TTUTT i TUTTTTT L -5l o 1
-07 1 1. - P i i
2 . _ ; e
o TUTL e
o T T e |
. B % —
0 | | ; | }
G T
L J M-050 [ ] ! ‘
\ 1 | | : ! ! !
o T T L N
G RERE ECgRNE |-
0—— == al =k
} 11

-.01 P I //
_.o2 : DA S R R S N V.
. B
-.03 b s
L . /|
—.04} e D/
/ - |
-.05 = a1 -~
Lg——
— ) | ; ‘ I
-.06 L .
T T & i T I T
| - H o - [ - den P Y
of I ] R ’
¥ oo % = ©
NS [y SR S S M=1.03 I ’ l - L l
-6 -4 -2 0 2 4 6 8 10 12 14 16 18 20 22

Angie of attack ,a,deg

(a) M = 0.90 and 1.0%.

Figure 22.- Lateral-directional characteristics of complete model with lower speed brakes open;
other surfaces undeflected. B = 0° and -5.1°.



Ol

Angle of attack ,a,deg

(p) M =1.18.

Figure 22.- Concluded.

v I R ey B |
C ;m_————m:-*—""—m/’/ ,
0 = e o T O O
-0l
O |
o () =) a al I~
-0l
- B
-.02 A
| /
-.03 L/
C
n 7
_.04 v
L~
-.05 i
P
/E]/
-.06 —
__d ey
/
-07 B,deg
o 0
o —5.1
-.08
.2
EF Hat ,r"l ‘,:J
i
.
Cy
O " ) A\ s C =
l M=1,18
-6 -4 -2 2 4 © 8 10 12 14 ic 18 20

22

85



08— —m - [ -
3 et ——1"""] r—‘jb‘*"ﬁ | S~ 0 =i
03— i R ——
B S S -
¢ 02 f-t—PT 1.4 L -
o) o L
0 G r——\
T : H !
03 B -5 [ ; H
L bt T |
— \U\ H
021 v ot ! ~ RS TR S
C, e : ; S
= S S AU S el
I b T
o] L t+— D—f—{ | b
e —
CY o g e <
;%25 = i 3 Ot
o fk P M=060 | |
04—
'—_r_a——«——‘< —GQ e
=
03 //<,/4 A*ﬂg,::j: g
- — == J <X =
¢; 02 -] e
™|
ol
S -4 — /Q
O \q \.‘ h* e "‘._(
! Sedeq  8pdeq  Brakes
O4 v “J' =S o 0 ) Closed
_. o -10 20 Closed
03| 4 de - © 0 20  Closed
1 "f"\ M"*}‘»—\,\\(L 4~ o 0] 20 Open
02}t 4t P S e AR
B —1 T\
C, = .
01 ™~ >\ N
N o
Ll 4 < q
O ‘ - h A
\ T
’\‘\
-0t
|
Cy O g < - — }___«._—éﬁ
. TPt T woso 1|
e -4 -2 o) 2 4 6 8 10 12 4 186 I8 20 22

Angle of attock a,deg

(a) M = 0.60 and 0.90.

Figure 23.- Lateral-directional characteristics of complete model with various &g and g, and with
speed brakes open and closed. B = 09 &, = OO,



04 L | / RN |
' T e
LT .- —l D
03 m—— : T
¢ 02 ; e N - f : |
; L " b
o) g et | 26
: ] : i
04 :}“\j‘ E—G— _(3\ -
S : 4 . < i
03 |- -hft:——5‘f—Jk AR B . DU T
| B —IN, - -
1 S
02 e et T
. . ) \<&, 1L ~ O
n ; \\ ™~ .
o1 . . TN .
0 9 —r— v ‘ ™~ :
i N"w‘!
T - 'T' T
0 i {1 ] — T o ———_
c = 2 : S e
v ! : M=0.95 ?: 7 ; i
- o=
. ¥ 9 '\4\
L R e
G 02 : -
0l -
r—
o Q B -
Se,deg  Bgdeg  Brakes
T o] 0 0] Closed
04 = - 15 -0 20 Closed
~~ S 0 20 Closed
03 G i ) 20 Open |
&QRHR \\, A Z ]
.02 e G
C, S 3 \\
ol M~ ™~
. R A
M~ o
g G a o—+——1 4 3\( ™~
0] ‘\\\r:#
-0l ‘f
L
& o Q
. W55 EEEEEN
-6 -4 -2 o} 2 4 6 8 10 12 14 L] 18 20 22
Angle of otfack,a,deg

{(b) M = 0.95 and 1.03.

Figure 23.- Continued.

87



88

04 =1 T P T I
p S
. Cr—4‘ ™~ ]
03 A A ‘NEEN G B e }
) =TT | I e o St N N e B
.02 1 P
Cl é
0 ]
-0
.05
A - dedeg 8gdeg  Brakes
1 O 0 0 Closed
04 - S o -0 20 Closed
— &0 20 Closed
03 ™ Py 0 20 Cpen
: o T
Q:\‘\(N\.(\
.02 \O\\\ e
Cn M~ \\Yn\\
ol TR N
' T
04 6——G y S e S A
W \\*l\ I~ o
N
-0l -
\\n
-.02
N
CY O A \Z CI A ‘_"'.—__——— — Ly
— % M=1.i8
-6 -4 -2 0 2 4 6 8 (0] 12 14 (6 I8 20 22

Angle of attack ,a,deg

(e¢) M =1.18,

Figure 23.- Concluded.



04 T 1 7‘ T 7 | L
R . -
03 — = R b
02— | L L—1 — Y L R o _ .
' o | T‘
o - 1 L lﬁf o S A R S
Ol F— - e e bl
IR o L . | e
e — 1
0 _ L —9 \\\d ‘
()/‘///ﬁ e ) | o J ~ ] ) 1 ,
YR i i B | Y O L
02 — —— s - :
HEN LA
ol T // R i el
! o 1. ,>4U LA
. / //
,LT/// ///p /}?,,, ]
ol | ol Pt i
~ o -
C B - 5 T = = |
n o2 | //O
i < e ] v
~03 : ; : LR
| ‘ B | | Befes Bofes
: @]
04 L 0 -0 20
. o
-05 ] A ] J i \
2 : —
c, | 9 — L1 _d ——
- G O ' Y {
NN M-060 | NN
Qg —3 =2 0 2 4 3 8 o) 2 4 6 8 20 22

Angle of attack ,a,deg

(a) M = 0.60.

Figure 24.- Lateral-directional characteristics of complete model with various &g
surfaces undeflected. B = -5.1°,

and Bg; other

89



90

05~

.04

.03

\
A

; o ‘ n/ * -
A /// : 1
i |

O [ [ - / . \\«\;;ﬂ‘_///"('\'\\:\(

| S S . PR i / B . [
| | A’{}’,,———CT//‘ \ |

! ; ! !

s - ;.
i

. T T
)i 1 % D T T ’
ur T Y .‘ -
i’h M=0.90 | | \ ‘

4 6 8 0
Angle of attack ,a,deg

() M = 0.90.

Figure 2L.- Continued.

22



Ol =

@

.01

-0l

i I ] /
s . B I 2 G e
e A
E B e A
i S G B 55 g Vi

N

) Bedeg  Sadeg
e} 0 0

1o -0 20

< 0 20

TEIT TR

] e ' | Im=0.95

ERENRE
EBRAa

-4 -2 0 2 4 6 8 10
Angle of attack,a,deg

(c¢) M = 0.95.

Figure 2k4.- Continued.

12

16 18 20 22

91



.05 ' I
|0
.04 ]
i L ]
Lt "1
,03 - 4
—tT |
C; .02
.0l
/'/C
o T |
L cy———-*“”'{r’/
-0 -
0l T T
0
-0l g —£ - /Q
7
-.02 /<>
C ™ S
"_03‘ ]
]
-.04:
|
~.05 —
L ——1 sal
AN
| EEN
2
P & y—
Cy % 3 et =
o M=1,03
=6 -4 -2 0 2 4 6 8 Te)

Angle of attack ,a,deg

(a) ™ = 1.03.

Figure 24.- Continued.

92



.04

.03

G

-0l
.01

-.0!

-.02

-.05

-.06

1O

1 T i
Y ;
— R = — I
O] P oy - T
; ﬂ/’// "] N '\<>
i
L O
———C}"»-/'//\J
o——T 9 |
| 1
A
/
| O
r—""’/’/’/
//
v P
o el
L~
& e, deg Ba,deg
// @] (0]
o -10 20
—t——5 S 0 20
4 e N €y L
& }.’__4—,/_: :»—-——‘_—CF {— { k
M=1.18
6 -4 -2 0 2 4 6 8 10 12 14 16 18 20 22

Angle of aftack ,a,deg

(e) M = 1.18.

Figure 2k.- Concluded.

93



.09
T
08 /6 =
. o
-
07 [ ] ~J_
CL [ e~
a ©
06 /’
05— —F—F==
a=10°
04
————FFF Complete model
— —— —— Horizontal tail off
O Complete model,brakes open
.08
i
.07 /// 5 \\\o
N
/// it DN
)
CL o6 1 pd
aqa = / //
.05
a=0°
'04.6 7 .8 9 1.0 I [.2

Mach humber,M

Figure 25.- Variation with Mach number of lift-curve slopes. Surfaces undeflected unless otherwise
noted. B = 0°,



.2
-- Complete model
Horizontal tail off
O Complete model ,brakes open
() DR T
\\
(:nn(:L. \\\\\\_ R " -1
-2
-4 & ©
. ] P e
N
C_=0.8 i
-6
.6 .7 .8 .9 1.0 L .2
Mach number M
2
—— 1
0 R |
® ~
CmC — ] T
T
2 BN
— ~O
C.=0

-46 7 8 9 1.0 N .2
Mach number,M

Figure 26.- Variation with Mach number of static longitudinal stability parameter. Surfaces undeflected
unless otherwise noted. § = o°.

95



6 g .8 9
Mach number,M

1.0 .

-.03 — i
L] |
/' ~L T
\\ ——

.6 7 .8 .9
Mach number,M

1.0

1.2

Figure 27.- Variation with Mach number of longitudinal control parameters for complete model at @ = o°.
Surfaces other than horizontal tail undeflected.

96



2
CL,(L/D)max [ : o 5
0
Brakes closed
O Brakes open
6
4 —
(L/D)rmax
) O
> 0O
0
24
Q
.20 o
16 @
CD,o
Jd2
08 —
04—
0
b e .8 .9 1.0 Il 1.2

Mach number,M

Figure 28.- Variation with Mech number of drag and maximum 1ift-drag-ratio parameters for complete model
at B = 0°. Surfaces undeflected unless otherwise noted.

97



——— Complete model
—— —— Both vertical tails off
— Lower vertical tail off
O Complete model , brakes open

o]
a=16
4__—4—""f‘—’/' _N‘:\
[ () |9
(:r] C) -1 T —

.6 e .8 .9 1.0 . .2
Mach number,M

I O
}/'_ —
0Ol @)
Ch [ N S R A My
B ==

-0l
.6 N .8 9 1,0 .1 1.2
Mach number M

Figure 29.- Variation with Mach number of static directional stability parameter. Surfaces undeflected
unless otherwise noted.

98



Complete model
—— ——  Both vertical tails off
——— —  Lower vertical tail off
O  Complete model, brakes open

002
0 \'\\
C; IS S
B L NG / — b S~
—.002 el RS | Vive o
™~ - _—/ =
\f\‘ ) y's
a=16° I
-.004
.6 e .8 .9 1.0 i1 .2
Mach number,M
.002
Cl —~ - _
() ———— e C>47 S
B ) 5
a=0°
-.002
.6 e 8 9 1.0 . 1.2

Mach 'number, M

Figure 30.- Variatior with Mach number of effective dihedral parameter. Surfaces undeflected unless
otherwise noted.

99



a,deg

e .8 .9 1.0 .1 1.2
Mach number ,M

.003

.6 N .8 9 1.0 .1 1.2
Mach number,M

Figure 31.- Variation with Mach number of lateral control parameters for complete model at B = 0°.
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